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The title compound, C 2 6H 2 iCl 2 NO, crystallizes with two 
symmetry-independent molecules (A and B) in the asym- 
metric unit. In both molecules, the central heterocyclic ring 
adopts a sofa conformation. The dihedral angles between the 
planar part of this central heterocyclic ring [maximum 
deviations of 0.011 (1) and 0.036 (1) A in molecules A and 
B, respectively] and the two almost planar [maximum 
deviations of 0.020 (1) and 0.008 (1) A in A and 0.007 (1) 
and 0.011 (1) in B] side-chain fragments that include the 
aromatic ring and bridging atoms are 20.1 (1) and 31.2 (1)° in 
molecule A, and 26.4 (1) and 19.6 (1)° in molecule B. The 
dihedral angles between the planar part of the heterocyclic 
ring and the benzyl substituent are 79.7 (1) and 53.2 (1)° in 
molecules A and B, respectively. In the crystal, weak 
intermolecular C— H- ■ O hydrogen bonds link the two 
independent molecules into dimers. 

Related literature 

For non-linear optical organic compounds with two-photon 
absorption properties and potential biophotonic materials, 
see: Nesterov et al. (2003, 2007); Sarkisov et al. (2005). For the 
biological importance of 4-piperidone, see: Jia et al. (1988); 
Dimmock et al. (2001). For the synthesis of the title compound, 
see: Dimmock et al. (2001). For related structures, see: 
Nesterov et al. (2003, 2007, 2011). For details concerning weak 
hydrogen bonds, see: Desiraju & Steiner (1999). For van der 
Waals radii, see: Rowland & Taylor (1996). 




Experimental 

Crystal data 

C 26 H 21 Cl 2 NO 
M r = 434.34 
Triclinic, PI 
a = 12.504 (2) A 
b = 13.414 (4) A 
c = 14.763 (2) A 
a = 102.736 (3)° 
B = 111.676 (2)° 

Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
r mi „ = 0.922, r m „ = 0.962 

Refinement 

R[F 2 > 2a(F 2 )} = 0.039 

wR(F 2 ) = 0.108 

S = 1.02 

8251 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 104.066 (3)° 
V = 2095.7 (8) A 3 
Z = 4 

Mo Ka radiation 
jU = 0.33 mm -1 
T = 100 K 

0.25 x 0.20 x 0.12 mm 



24542 measured reflections 
8251 independent reflections 
7049 reflections with I > 2a(l) 
R:„, = 0.024 



541 parameters 

H-atom parameters constrained 
Ap max = 0.79 e A~ 3 
Ap mi „ = -0.48 e A~ 3 



D-H- 


■A 




D-H 


H- ■ A 


D-A 


D-H-A 


C16B- 


H16B- 


■OlA 


0.95 


2.42 


3.334 (2) 


160 


CUA- 


-H14A- 


■OIB 


0.95 


2.52 


3.309 (2) 


141 


C16A- 


-H16.4- 


■OIB 


0.95 


2.48 


3.099 (2) 


122 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

We appreciate financial support from DoD grant W911NF- 
05-1-0456, and in part by the NIH (National Institutes of 
Health) NCI (National Cancer Institute) grant R01CA120170. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FL2348). 
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l-Benzyl-3,5-bis(4-chlorobenzylidene)piperidin-4-one 

V. V. Nesterov, S. S. Sarkisov, V. Shulaev and V. N. Nesterov 

Comment 

Continuing our work on the synthesis and structural investigations of nonlinear optical organic compounds with two-photon 
absorption properties and potential biophotonic materials (Nesterov et al, 2003; Nesterov et al. 2007; Nesterov et al, 201 1; 
Sarkisov et al, 2005), we investigated the crystal structure of the title compound. This compound belongs to a group that 
has shown anticancer activity (Jia et al, 1988; Dimmock et al., 2001). It may also find application as an agent for locating 
cancer cells with two photon excited fluorescence and as a potential agent for a photodynamic treatment of cancer (Nesterov 
et al, 2003; Sarkisov et al, 2005). 

The molecular structure of the title compound is illustrated in Fig. 1. The central heterocycle adopts a sofa conformation: 
atom N1A lies -0.721 (2) A in (IA) and NIB lies 0.725 (2) A in (IB) out of the central C 5 plane [planar within 0.01 1 (1) and 
0.036 (1) A, respectively]. Dihedral angles between the flat part of the heterocycle (atoms C2A,C3A,C4A,C5A,C6A in (IA) 
and C2B,C3B,C4B,C5B,C6B in (IB) and the two almost planar fragments that include the Ph-ring and the bridging atoms are 
20.1 (1) and 31.2 (1)° in (IA) for (C7A-C13A) and (C14A-C20A), respectively and 26.4 (1) and 19.6 (1)° for (C7B-C13B) 
and (C14B-C20B), respectively. Such nonplanarity might partly be caused by the presence of short intramolecular contacts 
H2AA-H13A and H6AB-H20A in (IA) and H2BB-H13B and H6BA-H20B in (IB) with distances 2.19 and 2.18 A in 
(IA) and 2. 14 and 2.22 A in (IB), that are somewhat shorter than the doubled van der Waals radii of the H atom (Rowland 
& Taylor, 1996). Atoms N1A and NIB in the piperidone rings have a pyramidal coordination with the sum of bond angles 
equal to 33 1 .4 (1) and 335.8(1)°, while the methylene substituent connected to it occupies an equatorial position. The mutual 
orientations of the benzyl substituents and flat part of the heterocycles in both molecules are more different (dihedral angles 
are 79.7 (1) and 53.2 (1)°, respectively). 

In the crystal there are several weak intermolecular C — H - O contacts (Table 1) that could be considered as weak hy- 
drogen bonds (Desiraju & Steiner, 1999) that link (IA) and (IB) molecules into dimers (Fig. 2). 

Experimental 

The title compound was obtained according to the literature procedure (Dimmock et al. , 200 1 ) by the reaction of/?-chloroben- 
zaldehyde with l-benzyl-4-piperidone. The precipitate obtained was isolated and recrystallized from ethanol/acetonitrile 

[v/v = 50/50]; Mp. 424 K, yield 86%). The title compound was characterized by 'h and 13 C NMR spectroscopy. 
Refinement 

All C-bound H atoms were placed in idealized positions and allowed to ride on their parent atom: C — H = 0.95 and 0.99 A 
for CH and CH2 H-atoms, respectively, with (7i S0 (H) = k x U e „(C), where k = 1 .2 for all H-atoms. 
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Fig. 1. Perspective view of the asymmetric unit in (I), with hydrogen bonds shown as dashed 
lines. Displacement ellipsoids are shown at the 30% probability level. 




Fig. 2. Projection of the crystal packing of the title compound along the a-axis. Dashed lines 
denote weak intermolecular C — H - 0 hydrogen bonds. 



1-Benzyl-3,5-bis(4-chlorobenzylidene)piperidin-4-one 



Crystal data 




C 2 6H 2 iCl 2 NO 


Z = 4 


M r = 434.34 


F{000) = 904 


Triclinic, PI 


D x = 1.377 Mgm~ 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 12.504 (2) A 


Cell parameters from 2357 reflections 


b= 13.414(4) A 


6 = 2.4-25.4° 


c= 14.763 (2) A 


|i = 0.33 mm 1 


a = 102.736 (3)° 


T= 100 K 


(3= 111.676 (2)° 


Plate, yellow 


y= 104.066 (3)° 


0.25 x 0.20 x 0.12 mm 


V= 2095.7 (8) A 3 





Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 

r min = 0.922, J max = 0.962 

24542 measured reflections 




825 1 independent reflections 

7049 reflections with / > 2a(7) 
ic lnt = 0.024 

Qmax = 26.0°, 6 m j n = 1 .7° 

/j = -15->15 

/t = -16^16 
/=-18-»18 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.039 
wR(F 2 ) = 0.108 
S= 1.02 

8251 reflections 
541 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 



H-atom parameters constrained 

1.110P] 



w = l/[a 2 (Fo 2 ) + (0.057P) 2 



where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 

Ap ma x = 0.79eA" 3 

Ap min = -0.48eA- 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


TJ- *ITJ 
^iso ' ^eq 


C11A 


0.01606 (5) 


0.78507 (4) 


0.69670 (4) 


0.03870 (13) 


C12A 


0.65255 (5) 


0.12893 (5) 


0.08931 (4) 


0.03854 (13) 


OlA 


0.35806 (13) 


0.34345 (11) 


0.51320 (10) 


0.0336 (3) 


N1A 


0.24037 (13) 


0.45157 (12) 


0.27541 (11) 


0.0214 (3) 


CIA 


0.20424(16) 


0.49694 (15) 


0.19088 (13) 


0.0235 (4) 


H1AA 


0.2213 


0.4597 


0.1348 


0.028* 


H1AB 


0.2548 


0.5758 


0.2178 


0.028* 


C2A 


0.24894(16) 


0.52293 (14) 


0.37107 (13) 


0.0225 (4) 


H2AA 


0.1714 


0.5376 


0.3558 


0.027* 


H2AB 


0.3172 


0.5937 


0.3974 


0.027* 


C3A 


0.27142 (16) 


0.46956 (14) 


0.45281 (13) 


0.0225 (4) 


C4A 


0.33892 (16) 


0.39154 (14) 


0.44991 (13) 


0.0237 (4) 


C5A 


0.38468 (15) 


0.37528 (14) 


0.36967 (13) 


0.0226 (4) 


C6A 


0.35812 (16) 


0.43693 (15) 


0.29532 (13) 


0.0230 (4) 


H6AA 


0.4249 


0.5093 


0.3251 


0.028* 


H6AB 


0.3550 


0.3959 


0.2293 


0.028* 


C7A 


0.23584 (16) 


0.48474 (15) 


0.52962 (13) 


0.0243 (4) 


H7AA 


0.2517 


0.4389 


0.5698 


0.029* 
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C8A 


0.17781 (16) 


0.55822 (15) 


0.56197 


(13) 


0.0242 (4) 


C9A 


0.12682 (16) 


0.53599 (16) 


0.62905 


(13) 


0.0273 (4) 


H9AA 


0.1272 


0.4722 


0.6470 




0.033* 


C10A 


0.07631 (16) 


0.60382 (16) 


0.66965 


(14) 


0.0279 (4) 


HlOA 


0.0426 


0.5874 


0.7150 




0.033* 


C11A 


0.07585 (17) 


0.69624 (16) 


0.64286 


(14) 


0.0283 (4) 


C12A 


0.12458 (17) 


0.72161 (15) 


0.57642 


(14) 


0.0287 (4) 


H12A 


0.1224 


0.7849 


0.5581 




0.034* 


C13A 


0.17646 (17) 


0.65334 (15) 


0.53720 


(13) 


0.0265 (4) 


H13A 


0.2115 


0.6712 


0.4931 




0.032* 


C14A 


0.44035 (15) 


0.30143 (15) 


0.36640 


(13) 


0.0238 (4) 


H14A 


0.4473 


0.2674 


0.4173 




0.029* 


C15A 


0.49216 (15) 


0.26528 (15) 


0.29595 


(13) 


0.0235 (4) 


C16A 


0.49531 (16) 


0.15947 (15) 


0.27926 


(14) 


0.0256 (4) 


H16A 


0.4647 


0.1160 


0.3133 




0.031* 


C17A 


0.54175 (17) 


0.11651 (16) 


0.21450 


(15) 


0.0285 (4) 


H17A 


0.5406 


0.0436 


0.2023 




0.034* 


C18A 


0.59003 (16) 


0.18160(16) 


0.16772 


(14) 


0.0271 (4) 


C19A 


0.59069 (16) 


0.28780 (15) 


0.18407 


(14) 


0.0269 (4) 


H19A 


0.6250 


0.3321 


0.1524 




0.032* 


C20A 


0.54096 (16) 


0.32860 (15) 


0.24702 


(13) 


0.0250 (4) 


H20A 


0.5399 


0.4007 


0.2572 




0.030* 


C21A 


0.06923 (16) 


0.48300 (14) 


0.14668 


(12) 


0.0212 (3) 


C22A 


0.03196 (17) 


0.57277 (14) 


0.14847 


(14) 


0.0265 (4) 


H22A 


0.0921 


0.6446 


0.1806 




0.032* 


C23A 


-0.09251 (18) 


0.55824 (15) 


0.10361 


(14) 


0.0300 (4) 


H23A 


-0.1169 


0.6201 


0.1046 




0.036* 


C24A 


-0.18115 (17) 


0.45380 (15) 


0.05750 


(14) 


0.0275 (4) 


H24A 


-0.2662 


0.4438 


0.0266 




0.033* 


C25A 


-0.14470 (17) 


0.36398 (15) 


0.05688 


(13) 


0.0257 (4) 


H25A 


-0.2051 


0.2923 


0.0263 




0.031* 


C26A 


-0.02083 (17) 


0.37834 (14) 


0.10062 


(13) 


0.0240 (4) 


H26A 


0.0032 


0.3163 


0.0993 




0.029* 


CUB 


0.95734 (5) 


-0.23822 (4) 


0.32282 


(4) 


0.03777 (13) 


C12B 


0.37099 (5) 


0.37742 (4) 


0.99889 


(4) 


0.03390 (13) 


01B 


0.56754 (19) 


0.16150(17) 


0.50449 


(12) 


0.0619 (6) 


NIB 


0.80808 (13) 


0.13829 (11) 


0.75624 


(11) 


0.0214(3) 


C1B 


0.90276 (16) 


0.13447 (14) 


0.85070 


(13) 


0.0231 (4) 


H1BA 


0.9251 


0.2006 


0.9096 




0.028* 


H1BB 


0.9775 


0.1383 


0.8406 




0.028* 


C2B 


0.77495 (16) 


0.04704 (14) 


0.66319 


(13) 


0.0218(3) 


H2BA 


0.7250 


-0.0217 


0.6647 




0.026* 


H2BB 


0.8506 


0.0382 


0.6615 




0.026* 


C3B 


0.70258 (17) 


0.06941 (14) 


0.56795 


(13) 


0.0244 (4) 


C4B 


0.62426 (19) 


0.13581 (17) 


0.57702 


(15) 


0.0321 (4) 


C5B 


0.61373 (16) 


0.16622 (14) 


0.67621 


(13) 


0.0236 (4) 


C6B 


0.69847 (16) 


0.14481 (14) 


0.76757 


(13) 


0.0221 (4) 


H6BA 


0.7233 


0.2045 


0.8326 




0.026* 


H6BB 


0.6544 


0.0753 


0.7718 




0.026* 
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C26B- 
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C23B- 


-C22B- 
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-C22B- 
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1 1 n a 
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-C22B 
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C22B- 


-C23B- 
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C25B- 


-C24B- 


-C23B 


120.06 (18) 


C25B- 


-C24B- 


-H24B 


120.0 


C23B- 


-C24B- 


-H24B 
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C24B- 


-C25B- 


-C26B 


120.25 (19) 
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C26A- 


_C25A — H25A 


119.9 


C24B — C25B — H25B 


119.9 


C24A- 


— C25A — H25A 


119.8 


C26B — C25B — H25B 


119.9 


C25A- 


_C26A — C21A 


120.73 (16) 


C25B — C26B — C2 1 B 


120.76 (18) 


C25A- 
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119.6 
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— C26A — H26A 


119.6 
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-C2A — C3 A — C / A 
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JN 1 rs — C2rs — C3rs — C /rs 


1 A O T] ( ~\ 0\ 
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JN 1A— 
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A 1 A 
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P.1 A P/1 A PCA 

-U 1 A — C4A — C J A 
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U 1 rs — U 1 rs — C4rs — C5rs 
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A 1 A 

U1A— 


P.1 A P/1 A PI A 

-U 1 A — C4 A — C3 A 


U.U (3) 


aid aid P/1D P1D 

U 1 rs — U 1 rs — C4rs — C3rs 


U.U (3) 


P*7 A 

C/A— 


PI A P/1 A P.1 A 

-C3 A — C4 A — U 1 A 


1.2 (3) 


P"7D P1D P/1D AID 

C Id — C3rs — C4rs — U 1 rs 
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PTD P1D P/1D AID 
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1 "7*7 C C / 1 C\ 
— 1 / f.JJ (13) 


P"7D P1D P/1D PCD 

C /rs — C3rs — C4rs — C5rs 


1 *7C TO ( 1 *7\ 
1 /J.ZO (1 /) 


po a 
C2A — 


PI A P/1 a rc A 

-C3A — C4A — CjA 


2.7 (2) 


PTD P1D P/1D PCD 

C2rs — C3rs — C4rs — C5rs 


d *7 (1\ 

-5.7 (3) 


P.1 A 

U1A— 


P/1 A PC A PI A A 

-C4 A — CjA — C 1 4 A 


3.9 (3) 


aid P/1D PCD P1/1D 

U 1 rs — C4rs — C5rs — C 1 4rs 
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P1 A 

U1A— 


P/1 A PC A P1 A A 

-C4 A — C5A — C 1 4 A 


3.9 (3) 
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U 1 rs — C4rs — C5rs — C 1 4rs 


6.4 (3) 


P*3 A 

C3A— 


P/1A PCA P1/1A 

-C4 A — CjA — C 1 4 A 


1 "7*7 1 A ( 1 C\ 
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P1D P/1D PCD PI /ID 

C3rs — C4rs — C5rs — C 1 4rs 


-1 /1. 31 (1 /) 
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U1A— 
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9.9 (3) 


PI A 

C2A — 


M 1 A p/:a PCA 
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£C /"1 o\ 
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P1D M1D P/;D PCD 

C2rs — JN Irs — Cors — C5rs 
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\[| A p/TA PCA 

-IN 1 A — CoA — CjA 


— 1/1.4/ (14) 


P1D M1D P/;D PCD 

Clrs — JN Irs — Cors — C5rs 


1 ti in /1 a\ 
1 /l.ZU (14) 


C14A- 


PC A P/; A Ml A 

— CjA — CoA — JN 1 A 


1/11 Ol ( 1 *7\ 

143.53 (1 /) 


p| in PCD P/;D M1D 

C14rs — C5rs — Cors — JN Irs 


i r r on ( 1 *7\ 
— 1 jj.OV (1 /) 


P/1 A 

C4A — 


PC A P/; A Ml A 

-CjA — CoA — JN 1 A 
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i fa q a ( i n\ 

—Id /.34 (iy) 


P 1 1 A 

C13A- 
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— CoA — C9A — C 1 OA 


0.3 (3) 


P11D POD PflD P 1 AD 

C 1 3rs — C8rs — C9rs — C 1 Ors 


-2.4 (3) 


C7A- 


-C8A— C9A— CI OA 


1 *7£ no / 1 £\ 
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P^7D POD POD P 1 AD 

C /rs — C8rs — C9rs — C 1 Ors 


1 *7n 0*7 ( 1 *7\ 
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C8A- 


-C9A— CI OA— C11A 


0.2 (3) 


POD POD P 1 AD PI ID 
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1.5 (3) 


C9A- 
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0.1 (3) 


POD P 1 AD PI ID pnD 
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U.3 (3) 


C9A- 
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1 *70 in C\ A\ 

-1 /o.ZU (14) 


PAD P 1 AD PI ID PI 1 D 

C9rs — C 1 Ors — C 1 1 rs — CI 1 rs 


1 *70 m /i /i\ 
1 /0.3V (14) 


C10A 


-C11A— C12A— C13A 


-0.9 (3) 


P 1 AD PI ID pnD P1TD 

C 1 Ors — C 1 1 rs — C 1 2rs — C 1 3rs 


1 A S1\ 

-1.0 (3) 


Cl 1 A— C 1 1 A— C 1 2A— C 1 3 A 


1 "7*7 A C\ ( 1 A \ 
1 / / .4U (14) 


PI 1 D PI ID pno P11D 

Cllrs — CI Irs — C12rs — C13rs 


1 *7n 1 r\ ( 1 /i\ 
— 1 /V.1U (14) 


C 1 1 A— C 1 2 A— C 1 3 A— C8 A 


1 /I /"3\ 

1.4(3) 


pi ID p| id P11D POD 

C 1 1 rs — C 1 2rs — C 1 3rs — C8rs 


0.0 (3) 


C9A- 


-C8A— C13A— C12A 
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-1.1 (3) 


PAD POD P11D PI1D 

C9rs — C8rs — C 1 3rs — C 1 2rs 


1.7 (3) 


C7A- 


-C8A— C13A— C12A 


1 T/i A] /I T\ 
— 1 /0.41 (1 /) 


P^7D POD P11D PI1D 

C /rs — C8rs — C 1 3rs — C 1 2rs 


1 *70 ClH ( 1 *7\ 

i /o.v / (i /) 


C4A- 


-C5A— C14A— C15A 


no /if 
178.45 (16) 


pin PCD P1 /ID P1 CD 

C4ts — C5B — C14B — C15B 


1 *70 / 1 0\ 

178.23 (18) 


C6A- 


-C5A— C14A— C15A 


2.5 (3) 


C6B— C5B— C 1 4B— C 1 5B 


-3.1 (3) 


C5A- 


-C14A— C15A— C16A 


-153.04 (19) 


C5B— C 1 4B— C 1 5B— C 1 6B 


160.85 (19) 


C5A- 


-CI 4 A— C15A— C20A 


28.7 (3) 


C5B— C 1 4B— C 1 5B— C20B 


-22.0 (3) 


C20A- 


-C 1 5 A— C 1 6 A— C 1 7 A 


-1.7(3) 


C20B— C 1 5B— C 1 6B— C 1 7B 


2.8 (3) 


C14A 


-CI 5 A— C16A— C17A 


179.90(16) 


C 1 4B— C 1 5B— C 1 6B— C 1 7B 


-179.86 (16) 
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pha p 1 /; a rnA pig a 
C 1 J A — C 1 0 A — C 1 / A — C 1 8 A 
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-C17B- 
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-C24B 
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C22B— C21B- 


-C26B- 


-C25B 
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-C26B- 
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Hydrogen-bond geometry (A, °) 












D—H-A 


D — H 


H-A 




D-A 


D — H- 


C16B— H16B-GHA 


0.95 


2.42 




3.334 (2) 


160 


C14A— H14A-01B 


0.95 


2.52 




3.309 (2) 


141 


C16A— H16A-01B 


0.95 


2.48 




3.099 (2) 


122 
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